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INTRODUCTION
More than 30 years after Kouwenhoven popularized closed chest CPR,1 the mechanisms responsible for generating forward blood flow by this technique remain uncertain. The cardiac pump theory proposes that compression of the heart between the sternum and the vertebral column results in atrioventricular valve closure and ejection of blood into the systemic and pulmonary circulations.1 -3 In contrast, the thoracic pump theory suggests that the atrioventricular valves remain open during CPR, and that the left ventricle acts as a passive conduit for the passage of blood. In this model the heart is not compressed and flow is generated by pressure gradients between intrathoracic and extrathoracic vessels45 An understanding of the mechanisms that generate blood flow during CPR has become of practical importance in light of the realization that CPR is an imperfect method of sustaining the circulation. Cardiac output may be reduced by 80% or more, myocardial perfusion may be less than 5% of normal, and successful resuscitation beyond 15min of CPR is uncommon.6'7 A better understanding of the physiology of CPR might allow new resuscitation techniques to be developed. To elucidate these mechanisms, patients undergoing closed chest CPR were studied using TOE.
METHODS
Adults with non-traumatic, normothermic cardiac arrest, admitted to the Accident and Emergency (A&E) Department of the Edinburgh Royal Infirmary were studied. All patients had sustained cardiorespiratory arrest in the pre-hospital setting and had received CPR and defibrillation where appropriate prior to arrival. On admission, patients were treated according to the guidelines of the UK Resuscitation Council.8 Electrical DC counter shock and antiarrhythmic agents were used as indicated. All patients were intubated and ventilated with 100% oxygen. Chest compression was administered at a rate of 80 compressions min-1, either manually or mechanically, using a Michigan Instruments Thumper Model 1004 functioning at a ratio of five chest compressions to one ventilation.9 CPR was performed with sufficient force to compress the chest 6-7cm (36-45 kg) and peak inspiratory pressure was set at 30 cms of H20. The resuscitation attempt was supervised by a senior clinician who remained independent of the echocardiographic study. The study received ethical approval from the Lothian Health Board Ethics of Medical Research Committee.
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TOE was performed using a 5MHz transve plane transducer (Siemens Sonoline S11 2C Chest compression resulted in a moderate reduction in left atrial and left ventricular chamber sizes (Table 1) , retrograde pulmonary vein flow (Fig. 2) , antegrade flow in the left ventricular outflow tract (LVOT) and ejection of blood into the aorta. The LVOT was compressed between the interventricular septum and the anterior leaflet of the mitral valve in five patients and was associated with aliasing of the colour flow Doppler signal. Similarly, at peak compression the proximal ascending aorta and superior vena cava were also markedly compressed and distorted. Regional differences in the extent of left ventricular compression were apparent, being greater at the base of the heart than at the mid-papillary muscle level.
Mitral valve motion was biphasic. Early in the compression phase there was partial leaflet separation, but with continued compression the two leaflets approximated, although full coaptation was not usually achieved. No antegrade flow occurred across the mitral valve during chest compression, and despite incomplete valve closure, mitral regurgitation was observed in only two subjects. 
